INTRODUCTION
Cold shock is the irreversible loss of viability occurring when the spermatozoa of some species, e.g. bull and ram, are quickly cooled to about 0°C. The most obvious sign of cold shock is loss of motility which is not regained on warming the semen. There is also a decrease in the rate of fructose breakdown by the spermatozoa, a decrease in the oxygen uptake and a fall in atp, which can now be no longer synthesized and used to supply energy for the mainte¬ nance of motility (Mann & Lutwak-Mann, 1955) . The proportion of cells staining with eosin or congo red (Lasley, Easley & McKenzie, 1942; Hancock, 1951) increases and there is evidence that both high and low molecular weight substances are lost from the spermatozoa (Mann & Lutwak-Mann, 1955 ; Blackshaw & Salisbury, 1957) , the cell surface of which tends to disintegrate (Walton, 1957) . Cold shock can be largely prevented or decreased by adding egg yolk to semen and recent work indicates that the active principle is the phospholipid, lecithin (Kampschmidt, Mayer & Herman, 1953; Blackshaw, 1954; Blackshaw & Salisbury, 1957 (White, Blackshaw & Emmens, 1954) . However, by including glycerol in the medium (Polge, Smith & Parkes, 1949; Smith & Polge, 1950a, b) it is possible to revive a greater proportion of the spermatozoa, and a vast literature on this subject has now accumulated (see Emmens & Blackshaw, 1956; Maule, 1962) .
This paper is concerned with the effect of cold-shocking and deep-freezing on the concentration of the major cations in the spermatozoa of species (bull, ram, dog, man, rabbit and fowl) differing considerably in their susceptibility to cold shock. Studies of the protective action of lecithin and glycerol in relation to the movements of cations in and out of bull and ram spermatozoa are also presented.
MATERIALS AND METHODS
Semen was collected by methods described in an earlier paper (Quinn, White & Wirrick, 1965 (Quinn et al., 1965) .
Isotonic buffers of pH 7 had a composition of 0 48 M-Na2HP04.H20, NaH2P04.H20 and 0-040 M-NaCl for ram semen and 0-012 M-Na2HP04.12H20, 0-008 M-NaH2P04.H20 and 0-20 M-NaCl for bull semen. Fructose (400 mg/ 100 ml) was added to each of the diluents as a substrate for the spermatozoa.
Lecithin was prepared freshly from egg yolks by the method of Pangborn (1951) , except that the phospholipid was precipitated from the alcoholic extract with 10 vol. of cold acetone instead of CdCl2. Lecithin (0-5% w/v) and glycerol (7-5% v/v) were added to the sodium phosphate buffers. Egg yolk, buffered citrate and glycerol-fructose diluents were prepared as described by Blackshaw, Emmens, Martin & Heyting (1957) , with fructose replacing arabinose (Emmens & Martin, 1961 Magnesium 12-7 10-3* 7-9** 60 4-7 7-7 2-7 2-7 2-5 S.E. = 1-0 11-7 11-7 9-6 9-1 7-1 8-5 3-6 3-7 4-2 S.E. = 1-2 *P<005; **/><001 (significantly different from the control). give a cooling rate of less than 2°C /min, the whole procedure down to -79°C taking about 2 hr. In the controls, buffered sodium citrate replaced the eggyolk and glycerol-fructose solutions at the appropriate stages in the freezing procedure.
Sodium and potassium estimations were made on the spermatozoa after rapid thawing in a water-bath at 37°C and the results are presented in Table 3 . Spermatozoa frozen in the egg-yolk/glycerol-fructose mixture had a significantly P. J. Quinn and I. G. White lower sodium and a higher potassium concentration than control samples frozen in a medium which did not contain these protective agents. (Davenport, 1897; Jahnel, 1938; Shettles, 1940; Parkes, 1945; Emmens & Blackshaw, 1950 (Quinn, White & Wirrick, 1966) .
The potassium and magnesium concentration in bull and ram spermatozoa is greater than in the seminal plasma and the sodium concentration in the seminal plasma exceeds that of the spermatozoa (Cragle, Salisbury & Muntz, 1958; Quinn et al., 1965) . The movement of all three ions on cold-shocking and deep-freezing is therefore in the direction of the concentration gradient. This is also true for the movement of calcium into bull spermatozoa on coldshocking and deep-freezing, since the calcium concentration of the seminal plasma in this species exceeds that of the spermatozoa (Cragle et al., 1958; Quinn et al., 1965 
